Additional index words. Vaccinium corymbosum, fruit quality, blueberry breeding, flavor Abstract. Previously, when selecting for flavor in the University of Florida southern highbush blueberry (SHB, Vaccinium corymbosum L. hybrids) breeding program, sugar/ acid ratios and breeder preference were the only factors considered. A more precise method of evaluating flavor would include volatile compounds that may also contribute to the flavor experience. Therefore, volatile profiles of five SHB cultivars (Farthing, FL01-173, Scintilla, Star, and Sweetcrisp) were compared using gas chromatographymass spectrometry. All cultivars were harvested on four separate dates within the harvest season, and fruit from each cultivar were also harvested at four developmental stages on the first harvest date. Among the cultivars, soluble solids content and volatile production tended to increase with fruit maturity, whereas titratable acidity decreased. All volatile components were more variable than measures of sugars and acids during the harvest season. Many of the volatiles present varied significantly between harvest dates, resulting in significant genotype 3 environment interactions during the harvest season. A closer examination of linalool, trans-2-hexenol, trans-2-hexenal, hexanal, and 1-penten-3-ol, five volatile compounds commonly associated with blueberry flavor, showed cultivar, developmental stage, and harvest date differences for each volatile. 'Star' experienced the least variation through the harvest period.
The University of Florida (UF) blueberry breeding program has been developing blueberry cultivars adapted to the subtropical Florida climate for over 60 years. During this time, many uncultivated Vaccinium species native to Florida were used as sources of adaptive traits when crossed with cultivated northern highbush blueberries (Vaccinium corymbosum L.) (Lyrene, 2002 (Lyrene, , 2008 . Many generations of recurrent selection were required before an adequate commercial phenotype was recovered as a result of the need to select against undesirable traits such as high chill requirements, late bloom, long bloom to maturity period, and susceptibility to various diseases from the northern highbush parental lines. Linkage drag from the wild species included black fruit color, low vigor, small fruit size, and wet stem scar (Lyrene, 2002 (Lyrene, , 2005 (Lyrene, , 2008 Lyrene and Sherman, 1984; Sharpe and Darrow, 1959) . The hybrids developed through these efforts are referred to as SHB cultivars (Lyrene, 2008) .
In the past, selection for flavor in the UF breeding program was based on subjective breeder ratings and calculation of a sugar/ acid ratio (soluble solids content/titratable acidity). However, eating quality of blueberries has been shown to have a much higher correlation to flavor acceptability and blueberry-like flavor intensity as opposed to simple measures of sweetness, acidity, or sugar/acid ratios (Saftner et al., 2008) . The inconsistent relationship between consumer acceptability scores and these easily measured components of fruit quality is not surprising, because the flavor experience from eating a blueberry also consists of sensory perception of volatile organic compounds (Tholl et al., 2006; Tieman et al., 2012; Vogel et al., 2010) . For example, the addition of fruity or floral volatiles to tomato fruit puree has been shown to improve perception of taste (Baldwin et al., 2008) , and 12 volatile compounds independently significant in accounting for flavor intensity and sweetness in tomato were identified (Tieman et al., 2012) . However, it is not necessarily the total amount of the volatiles synthesized in each fruit that is important to flavor, but the presence of specific volatiles, sometimes even in small amounts (Tieman et al., 2012; Vogel et al., 2010) . The contribution of an individual volatile to fruit aroma has commonly been measured using log odor thresholds, a concept that does not necessarily hold true when the volatile operates synergistically or antagonistically with the rest of the compounds in a fruit's chemical matrix (Bott and Chambers, 2006; Drake and Ceville, 2003; Tieman et al., 2012) . For example, b-damascenone and phenylacetaldehyde, which have high odor unit values and therefore have often been reported as key tomato flavor volatiles, were not associated with tomato flavor intensity (Tieman et al., 2012) . This underscores the importance of studying the human perception of flavor compounds within the actual biological system rather than on a compound-by-compound basis.
Among various Vaccinium species and blueberry cultivars, significant variation in number and quantity of volatile compounds has been reported. However, a subset is common throughout the existing blueberry literature, including trans-2-hexenol, trans-2-hexenal, linalool, a-terpineol, geraniol, limonene, cis-3-hexen- 1-ol, nerol, 1-penten-3-ol, hexanal, and 1,8-cineole (Baloga et al., 1995; Du et al., 2011; Hirvi and Honkanen, 1983; Horvat and Senter, 1985; Parliament and Kolor, 1975) , and can be considered typical blueberry aroma compounds. Minimal mixtures of these compounds that compose a blueberry-like aroma as evaluated by trained flavor panelists include trans-2-hexenal, trans-2-hexenol, linalool (Parliament and Kolor, 1975) , and cis-3-hexen-1-ol and geraniol (Horvat and Senter, 1985) .
In an effort to more effectively prioritize traits for flavor improvement given limited breeding resources, we sought to measure the characteristics associated with the blueberryeating experience. Our objectives were to determine which volatiles SHB cultivars are capable of synthesizing and to elucidate how stable the levels of these compounds are throughout the fruiting period. We hypothesized that volatiles would accumulate in number and increase in amount with maturity and would likely experience fluctuation across the harvest season. This work was a necessary first step in the move toward biochemical analysis for selection of quality blueberry flavor.
Materials and Methods
Blueberry samples. Southern highbush blueberries were collected from a UF grower-cooperator farm near Windsor, FL (lat. 29°41#18$ N, long. 82°10#40$ W, 35 m elevation). The predominant soil types at this location were Bonneau fine sand and Newnan sand. Plots were planted in 30-to 45-cm high raised beds formed with pine bark-incorporated native soil and pine bark mulch on the top. Spacing in the plots was 3 m between rows and %0.8 m within rows. Average annual precipitation is %120 cm with only 30 to 40 cm precipitation during the bloom through harvest season (February to May). Supplemental irrigation was provided with two driplines per row. Standard Florida blueberry management practices (irrigation, fertilization, pest control, and pruning) were followed (Williamson et al., 2004 (Williamson et al., , 2013 . The cultivars investigated in this study were 'Farthing', 'Scintilla', 'Star', 'Sweetcrisp', and 'FL01-173' (commercially available as Meadowlarkä) (Fig. 1 ). These five cultivars are grown in significant acreage in Florida, have been subjectively rated as having varied flavor characteristics, and had all four developmental blueberry stages available on the plants on the first harvest date. Mature blue fruit samples of each genotype were hand-harvested on 19 Apr., 26 Apr., 3 May, and 10 May 2011, spanning the most profitable market window for commercial blueberry growers in Florida. After the research samples were harvested, the same plots were harvested by the grower-cooperator for commercial production. Thus, on each weekly harvest date, only fruit maturing in the previous week were present. On the first harvest date, fruit was picked at four developmental stages from each genotype: green, breaker, red, and blue (Fig. 2) . A single row, %125 m long (160 individual plants), of each cultivar was selected at the beginning of the harvest season and a pooled sample of blueberries was harvested from the same row at each harvest date. Samples were transported on ice back to the laboratory, frozen, and stored at -80°C until processing for volatile collections.
Volatile collection and analysis. Before biochemical analyses, fruit samples were defrosted at 4°C overnight. The fruit was then homogenized in a blender for 15 s. Thirty-five grams of each sample were loaded in triplicate into thin-walled glass tubes attached to a dynamic headspace volatile collection system with a column containing HaySep Q 80-100 porous polymer adsorbent (Hayes Separations Inc., Bandera, TX) at the tube outlet to capture volatile organic compounds over a period of 2 h. Volatiles were eluted from the column with 150 mL methylene chloride spiked with 5 mL of nonyl acetate as an elution standard.
Volatile quantification and identification. Elutions were run on an Agilent 7890A Series Gas Chromatograph Flame Ionization Detector (GC-FID) (Agilent Technologies, Santa Clara, CA). Volatiles were analyzed on a DB-5 column (30 m length · 250 mm diameter · 1 mm film; Agilent J&W Scientific, CA). The column flow rate was 3.99 mL · min -1 . Initial oven temperature was 40°C held for 0.5 m, then increased at 5°C · min -1 to 250°C, and held for 4 min at the final temperature. Peaks from the chromatography traces of compounds within a sample elution were integrated with Chemstation software (Agilent Technologies, Santa Clara, CA). Peak areas of detected volatiles were used to determine the mass of said compound within a sample through calculations that adjusted for nonyl acetate elution standard area and dilution curve as well as original biological sample mass (Dexter et al., 2007; Underwood et al., 2005) , like so:
where pA = peak area, ES = elution standard (nonyl acetate), s = sample, b = batch, and the response factor was the slope of the equation of the dilution series. Gas chromatography-mass spectrometry (GC-MS) on an Agilent 6890N GC in tandem with an Agilent 5975 MS (Agilent Technologies) and coelution with known standards on GC-FID were used for compound identification. Both GCs were equipped with DB-5 columns. GC standards. Compounds for coelution were selected based on consensus within previous literature (Hirvi and Honkanen, 1983; Horvat and Senter, 1985; Parliament and Kolor, 1975) and volatiles detected by GC-MS. These GC standards included: (-)-transcaryophyllene, (E)-2-hexen-1-ol acetate, (E)-2-hexen-1-ol, (E)-2-hexenal, (E)-2-pentenal, 1,2,3-trimethylbenzene, 1-hexanol, 1-octanol, 1-pentanol, 1-penten-3-ol, 1R-+-alpha-pinene, 2-heptanone, 2-methyl butanal, 2-methyl-1-butanol, 2-pentanone, 2-phenethyl acetate, 2-phenylethanol, 6-methyl-2-hepten-2-one, aterpinene, a-terpineol, B-damascone, benzaldehyde, benzyl acetate, benzyl alcohol, benzyl benzoate, B-ionone, butyl acetate, cis-3-hexen-1-ol, citronellyl acetate, cyclohexane, Dlimonene, eucalyptol, eugenol, geraniol, geranyl acetate, hexanal, isoeugenol, linalool, methyl benzoate, methyl salicylate, nerol, phenethyl benzoate, phenylacetaldehyde, terpineol, terpinolene, toluene, and nonyl acetate. Methylene chloride was used as a solvent.
Sugar and acid measurements. Remaining blended blueberry samples from the volatile collection step were immediately frozen at -80°C for sugar and acid quantifications. When sugar and acid measurements were to take place, the samples were defrosted overnight at 4°C and then allowed to rise to room temperature for 2 h. Fifteen milliliters of fruit puree were centrifuged at 15,000 rpm for 25 min to obtain 10 mL of juice. Total soluble sugar content (%SS) was measured using a pocket refractometer (Atago U.S.A, Inc., Bellevue, WA) and 300 mL blueberry juice. Six milliliters of juice was used to measure citric acid equivalent (%TA) using an automatic titrator (Mettler Toledo Inc., Columbus, OH).
Statistical analysis. Volatile data analyses were performed in JMP 8.0 (SAS Institute, Cary, NC). Mean separation of volatile differences was by the Tukey-Kramer method.
The standard least squares regression model used for the analysis of i genotype in j environment was
where Y = volatile response with population mean m; G = genotypic effect; E = environmental effect, G·E = genotype · environment interaction effect; and e = residual effects. Genotype, environment, and genotype · environment were considered fixed factors (Cebolla-Cornejo et al., 2011) . The model was validated by applying it to the nonyl acetate experimental standard, which showed no significant effects for G or G · E. Significant effects for E exist because of expected experimental variation that occurred between volatile elutions of the different harvests. An estimate of variability for each volatile within a genotype across harvests was calculated as the CV (Cebolla-Cornejo et al., 2011) .
Results
Sugars and acids. SS and TA were measured across fruit development and at four points during the harvest season. There was an increase in sugar-to-acid ratios (SS/TA) as fruit matured from green to blue in all cultivars as a result of an increase in SS and decrease in TA (Fig. 3 ). There was a tendency for SS/TA to continue to increase in mature fruit over the course of the harvest. SS/ TA measurements of 'Star' and 'Farthing' peaked on the third harvest, whereas SS/TA of the other three cultivars peaked on the fourth harvest (Fig. 3) . To estimate the variability of sugars and acids across the harvest, the CV was calculated for the measurements within each genotype (Table 1) . 'Sweetcrisp' and 'Farthing' had the lowest CVs for SS, TA, and SS/TA. 'Star' had the highest CV for SS and 'FL01-173' had the highest CV for TA, and both had comparably large CVs for SS/TA.
Changes in volatiles during fruit development. We sought to profile the changes in volatiles through blueberry development, and volatiles reproducibly detected in developing fruit are shown in Supplemental Table 1. The general profile was an increase in total volatiles in blueberry samples as fruit progressed in maturity from green to blue ( Fig. 4 ; Supplemental Table 1 ). 'Scintilla' had the greatest increase in total volatiles over development, with a 4-fold increase, followed by 'Sweetcrisp' with a 3-fold increase. 'Star' showed an approximate 2-fold increase in total volatiles over the developmental period, although the total volatile amount in 'FL01-173' was far lower than 'Star'. showed no significant change in total volatiles, which remained low in the four developmental volatile measurements.
The same upward profile observed in total volatiles was evident in the accumulation of four of the five compounds examined in detail in this study (Fig. 5) , each of which have previously been determined to be critical components of blueberry flavor quality (Horvat and Senter, 1985; Parliament and Kolor, 1975) . Measurements of 1-penten-3-ol accumulation through development were unreliable as noted by the large error bars. Compared with the other three cultivars, 'FL01-173' and 'Farthing' had the smallest increases in hexanal, trans-2-hexenal, and trans-2-hexenol. 'Sweetcrisp' had the largest amount of trans-2-hexenol, and 'Scintilla' accumulated the most hexanal and trans-2-hexenal before fruit maturity. Linalool accumulation was a sudden event that occurred in the mature blue stage. In going from red to blue, 'FL01-173' experienced a 3-fold increase in linalool and 'Sweetcrisp' showed a 20-fold increase. Changes in linalool accumulation from green to blue developmental stages ranged from insignificant in 'Scintilla' to a 77-fold increase in 'FL01-173'.
Changes in volatiles during the fruit harvest period. To determine the extent of variability in volatiles within a single cultivar over the course of the fruiting period, mature blue fruit were harvested at four successive dates. Total volatiles were stable throughout the 4-week harvest period for 'Star' and 'Sweetcrisp' (Fig. 4) . Although 'Farthing' and 'FL01-173' initially lagged behind 'Sweetcrisp', 'Star', and 'Scintilla' in total volatiles, the two cultivars attained comparable volatile levels by the second harvest date. Within the season, the pattern of volatile accumulation varied. 'Scintilla' fruit experienced a decrease in total volatiles at the fourth harvest date, whereas 'Farthing,' fruit showed increases. Aside from the initial harvest point, total volatile content of 'FL01-173' fruit was relatively stable during the harvest period.
Similar variation was apparent in the production of individual volatile compounds (Fig. 6 ) that are commonly associated with blueberry flavor (Horvat and Senter, 1985; Parliament and Kolor, 1975) . The profile of 1-penten-3-ol was relatively stable in 'Farthing', 'FL01-173', and 'Sweetcrisp'. However, production decreased in 'Scintilla' and varied significantly by harvest date in 'Star'. Overall, the content of trans-2-hexanal and hexanal increased in 'Farthing' and 'FL01-173', but if the extremely low values for the first harvest date are not considered, the contents of these two volatiles were relatively similar for both cultivars during the rest of the season. The large increases in total volatiles by 'Farthing' and 'FL01-173' on the second harvest appeared to result largely from increases in hexanal and trans-2-hexenal amounts ( Fig. 6 ; Supplemental Table 2 ). Hexanal was stable in 'Sweetcrisp' and 'Star' but decreased in 'Scintilla' on the last harvest date. Trans-2-hexenal was also stable in 'Sweetcrisp' as well as 'Scintilla' but decreased at the third harvest in 'Star'. 'FL01-173' accumulated 2 to 3-fold more linalool than the other four genotypes. As the harvest season progressed, linalool remained relatively stable among these other genotypes with a significant increase on the fourth harvest date. Trans-2-hexenol showed significant fluctuations at every harvest date in 'Sweetcrisp', whereas 'Farthing', 'FL01-173', and 'Star' showed increases with successive harvest dates. 'Scintilla' initially decreased in trans-2-hexenol content but by the final harvest date had regained similar levels as the beginning of the season. To quantify the variation over the harvests within each genotype, we calculated the CV for the five volatiles examined in this article in Table 2 , similar to Cebolla-Cornejo et al. (2011) for tomato volatiles. CVs for these selected volatiles indicated that 'Star' experienced the least seasonal variation overall, whereas 'Scintilla' experienced the most. Again, 1-penten-3-ol had the greatest variation over the course of the season.
Also of interest were the individual effects of genotype (G) and environment (E) on volatile production. In addition to individual effects, there is often an interaction effect between genotype and environment (G · E) that cannot be accounted for by these two variables independently (Moore et al., 2002) . All the volatiles detected in mature blueberry fruit throughout the harvest period and their effects of G, E, and G · E as indicated by a fixed-effect regression model are shown in Table 3 . In this case, E represents the changes in conditions during the course of a harvest season, including such variables as temperature, precipitation, cropload, and irrigation. Certain volatiles such as 2-methyl butanal and 4-methyl-2-pentanone experienced exclusively E effects. In all cases other than toluene and 2-octane, a G effect also occurred in conjunction with E effects. In an unusual occurrence, p-xylene variation was the result of G and G · E, but was not significantly affected by E in this study.
Discussion
Among breeding priorities, fruit flavor is commonly regarded as the most difficult trait to select for improvement. Although flavor is a complex trait, relatively simple measurements have been used in an attempt to quantify flavor differences. For example, SSs are a commonly used measure of sweetness in blueberry fruit. This measure of sweetness is commonly paired with TA to calculate an SS/TA ratio. Beaudry (1992) proposed that the acceptable range of SS/TA in blueberry was between 14 and 33. The difficulty in applying these measures to breeding selection for flavor was illustrated by Saftner et al. (2008) , in which two cultivars that fell outside of the acceptable range in the SS/TA calculation had significantly different flavor acceptability scores in consumer ratings. The SS/TA ratio for the cultivars in our study generally increased as the season progressed and ranged from 14 to 60. 'Star', 'Scintilla', and 'FL01-173' were outside this range of acceptability on at least one harvest date (Fig. 3 ). Given that flavor is a complex trait with many different variables contributing to consumer preference, the question becomes: with finite resources available to a breeding program, to what extent should the focus be on improving flavor? To identify potential breeding targets for flavor, we measured flavor components of five SHB genotypes throughout a harvest season and assayed the variation resulting from G, E, and G · E. Because overall eating quality of blueberries has been most highly correlated with flavor acceptability and blueberry-like flavor intensity in consumer panels (Saftner et al., 2008) , it was pertinent to measure not only variability of sugars and acids, but also the consistency of volatile compounds. Variation in flavor-related characteristics among blueberry genotypes has previously been reported. Total SS and TA vary among Vaccinium species, cultivars, and harvest seasons (Ballington et al., 1984; Galletta et al., 1971; Saftner et al., 2008) . Similarly, volatile levels have been shown to vary among Vaccinium species, genotypes, locations, general seasonal effects, and storage conditions (Almenar et al., 2010; Baloga et al., 1995; Du et al., 2011; Mattheis and Fellman, 1999) . Among these characteristics, it is not yet clear what the extent of variation in volatiles during stages of fruit development and at multiple harvest dates within a season would be. Selecting for fruit that minimize G · E interactions for flavor will likely be important in generating cultivars with a stable flavor profile. Thus, we analyzed the variation of flavor components in five SHB genotypes at different developmental stages and within a single harvest season. Woodruff et al. (1960) conducted a thorough analysis of blueberry organic composition through berry development. In agreement with the study presented here, they showed that the percentage of total sugars in blueberries increased for 9 d after color change and then leveled off and that TA decreases with fruit maturation (Fig. 3; Woodruff et al., 1960) . Ballinger et al. (1963) and Kushman and Ballinger (1968) found that increases in blueberry cropload decreased sugar levels and had no effect on acidity. Over the course of the fruiting season, cropload is decreased through harvests, resulting in an increase in SS visible in Figure 3D .
Blueberries of five cultivars were harvested on 1 d at four stages of development: green, breaker, red, and blue (Fig. 2) . Ripe blueberries were then harvested once a week for the next 3 weeks. Volatile profiles for compounds previously determined to be most critical to blueberry flavor quality, including linalool, trans-2-hexenol, trans-2-hexenal, hexanal, and 1-penten-3-ol, were analyzed in detail in these experiments, although all compounds detected were recorded (Supplemental Table 1 ) (Du et al., 2011; Hirvi and Honkanen, 1983; Horvat and Senter, 1985; Parliament and Kolor, 1975) . Odor and flavor descriptors of volatiles are limited in that they may change with varied concentration within a sample and when in mixtures with other volatiles (Hongsoongnern and Chambers, 2008) . However, linalool has often been cited as characteristic of blueberry aroma in previous literature (Du et al., 2011; Hirvi and Honkanen, 1983; Horvat and Senter, 1985; Parliament and Kolor, 1975) and is associated with a floral, fruity, citrus flavor. Trans-2-hexenol has been linked to green-viney, sweet, and pungent characters (Hongsoongnern and Chambers, 2008) . Trans-2-hexenal has been described as fresh, leafy green, floral, sweet, and pungent, and 1-penten-3-ol has green-grassy and musty/earthy qualities (Hongsoongnern and Chambers, 2008) . How these compounds actually interact within the biological system of a blueberry and their synergistic or antagonistic effects on the human sensory perception of flavor is a matter for further research.
As expected, total volatiles (Fig. 4 ) showed dramatic increases as ripening progressed (Horvat and Senter, 1985; Zhang et al., 2010) . The six volatile compounds that have been associated with blueberry fruit flavor quality also increased as fruit matured (Fig. 5) . When fruit is commercially harvested at an immature stage, many of these compounds could be produced at rates too low to achieve characteristic blueberry flavor (Mattheis and Fellman, 1999) . Like in Du et al. (2011) , trans-2-hexenal was the dominant compound in all fruit samples, making aldehydes the largest category of volatiles in these five cultivars of SHB. The profiles of total volatiles (Fig. 4) and trans-2-hexenal (Figs. 5 and 6) curves are shared. We attempted to minimize the potential impact of cultivar-specific harvest seasons by selecting fruit at similar stages of development. For example, although 'FL01-173' begins ripening at least 1 week before the other cultivars examined, a population of fruit of a similar developmental stage was available on all cultivars on a single harvest date. However, in the developmental measurements, 'FL01-173' and 'Farthing' did not reach the same levels of total volatiles as 'Star', 'Sweetcrisp', and 'Scintilla' (Fig. 4 ; Supplemental Table 1 ). The 'Farthing' cropload was unusually high at the beginning of the 2011 season, and the lower initial leaf-tofruit ratio may have contributed to the low volatile content on the first harvest of the year (Fadanelli et al., 2005; Poll et al., 1996) . As the harvest progressed and commercial pickers reduced the cropload, 'Farthing' may have been able to concentrate equal resources over fewer berries. As more sugars were translocated per berry (Fig. 3D) , more volatiles could be synthesized. This is in agreement with Chapman et al. (2004) , who reported the intensity of vegetative and grassy aromas was inversely related to cropload. In our analyses, trans-2-hexenal and hexanal, two grassy-green volatiles, were the major contributors to total volatiles in all cultivars. It is also possible that trans-2-hexenal and hexanal were present in the 'FL01-173' and 'Farthing' fruit at this sampling point, but in a conjugated form that would have prevented its volatilization and, therefore, its collection (Bicalho et al., 2000) .
We explored the effects of G, E, and the interaction effect of these two variables on volatile production (Table 3) . In many cases, there was a significant variation as a result of the timing of harvest within a season (E). Some volatiles had exclusively non-genetic effects (just E), and many experienced a G · E effect. Toluene and 2-octane varied exclusively by G. P-xylene variation was the result of G · E. Volatiles exhibiting strong E or G · E variability may prove to be difficult breeding goals. The existence of certain volatiles with only a G component is reassuring to breeders, who are likely unable to control E in field conditions. It appears that volatiles exhibit different gradations of E in different cultivars, which sets the stage for a broader survey of G · E effects on volatiles in blueberry germplasm. The estimates of genetic and environmental variability are limited in that this study was conducted over a single season. However, the extent of E variation in our data demonstrates the large role E may have within a single blueberry season.
In an attempt to quantify the variation over the harvests within each genotype, we calculated the CV for the five volatiles examined in this article (Table 2) (CebollaCornejo et al., 2011) . 'Star' had the smallest statistical variation in volatile content over the 4-week harvest period, whereas 'Scintilla' had the largest variation in volatile content. If these five volatiles are in fact the most important to the perception of blueberry flavor, then 'Star' may have the most consistent flavor in response to varying environmental factors. 'FL01-173' was very stable after the initial harvest date. Other than in the extremely variable 'Scintilla', linalool had very low CVs in the other four cultivars. Unlike the other four volatiles, which are likely fatty acid catabolic products (Chen et al., 2004) , linalool is a terpene alcohol known to be enzymatically produced in fruits and flowers (Tholl et al., 2011) . Acetyl CoA from primary metabolism may enter two forks of volatile production pathways: an acetyl CoA molecule may enter fatty acid metabolism, whereupon a subset of fatty acids is catabolized to volatile compounds, or it may enter the mevalonate pathway, resulting in a range of terpenoid compounds. This latter and defined path to linalool may account for the minimized variation seen in its production in comparison with some of the fatty acid catabolic products. 'Farthing', 'Scintilla', 'Star', and 'Sweetcrisp' .0001*** 0.0001*** <0.0001*** Trans-2-undecen-1-ol <0.0001*** <0.0001*** 0.0001*** *, **, *** Significant at P < 0.05, 0.01, and 0.001, respectively.
Typical breeding selection for blueberry flavor involves quantification of sugar and acid content, but identification of blueberry volatiles that correspond to the fruity, intense, sweet, and characteristic blueberry flavors could help blueberry breeders select for cultivars that produce a more desirable flavor. Because flavor is a complex trait, not only good fruit flavor, but consistent flavor throughout the harvest season is desirable. Mean separation within each row was made by the Tukey-Kramer method and significant differences are indicated by different letters.
